Background: The Visual Cognitive Assessment Test (VCAT) is a language-neutral cognitive screening tool designed for use in culturally diverse populations without the need for translations or adaptations. While it has been established to be language-neutral, the VCAT's construct validity has not been investigated.
Introduction
Worldwide, the number of people with dementia is projected to double every 20 years (Prince et al., 2013) . Notably, much of this increase will be a result of the increasing prevalence of dementia in low-and middle-income countries, many of which are in Asia, Latin America, North Africa, and the Middle East. Thus, it is important to ensure that accurate diagnostic tools are available for use in these linguistically and culturally diverse populations.
However, most cognitive screening tools are lacking in diagnostic accuracy when used in non-Caucasian populations (Boone et al., 2007; Brickman et al., 2006; Loewenstein et al., 1994; Manly, 2005) . This may stem from the fact that the majority of today's cognitive screening tools have been developed for English-speaking populations. Often, test developers fail to consider linguistic and cultural differences and their impact on construct validity and test transferability when used internationally. As a result, non-Westerners are often assessed on tasks that do not translate meaningfully in their culture.
Individuals tested with stimuli uncommon in their culture may be unfairly penalized, and hence wrongly diagnosed, due to unfamiliarity with the stimuli. A review by Manly and Espino found that the ethnic differences on neuropsychological tests persist even when groups are matched on sex, age, education, and socioeconomic status (Manly and Espino, 2004) . Furthermore, Gibbons and colleagues observed differences in the Mini Mental State Examination (MMSE) item scores even when comparing two English-speaking cohorts (United Kingdom and United States of America), attributing the findings to translation artifacts stemming from cultural differences (Gibbons et al., 2002) .
Even when word lists are replaced with culturally appropriate words, they may differ from the original in terms of length, imagery, phonological complexity, and ease of semantic clustering with other words in the list. Similar difficulties exist for digit-based tasks. For example, it has been well-established that Mandarin speakers perform better than English speakers on digit-based working memory tasks, such as the Wechsler Adult Intelligence ScaleFourth Edition (WAIS-IV) Digit Span, even when matched on race-many have attributed this to the monosyllabic feature of the Mandarin language and the shorter length of articulation of digits (Hoosain, 1982; Stigler et al., 1986; Ting et al., 2013) . Another study in Ireland administered both the English and Irish version of the MMSE to bilingual participants and found significant individual and group differences between test scores (Ní Chaoimh et al., 2015) . These linguistic and cultural issues make it difficult to not only compare individuals across countries but also within countries of diverse multiethnic populations. As such, there is an urgent need for standardized cognitive screening tools that are transferable across countries, language, and cultures without any need for translations or adaptations (Franzen et al., 2017; Romero et al., 2009; Shah et al., 2008; Sperber, 2004; Teng, 2002) .
Description of VCAT
The Visual Cognitive Assessment Test (VCAT) was developed as a solution to the above-mentioned problems faced by existing cognitive screening tools (Kandiah et al., 2015) . To address the problems often accompanying translation, the VCAT was designed to be a language-neutral cognitive screening tool, negating the need for translations. The test was also designed to be visual-based so as to reduce language demands. In a previous multinational study of four Southeast Asian countries, Montreal Cognitive Assessment (MoCA) scores differed by language of administration, while performance on the VCAT was not (Lim et al., 2018) .
The VCAT is an 11-item visual-based cognitive screening tool, which takes 15.7±7.3 minutes to complete (Kandiah et al., 2015) . The VCAT is scored from 0 to 30, whereby a higher score denotes higher cognitive functioning. Informed by common diagnostic criteria used to diagnose mild cognitive impairment (MCI) and Alzheimer's disease (AD), the VCAT was designed to measure five specific cognitive domains: episodic memory, attention/ working memory (WM), executive function, visuospatial ability, and language. The test is comprised of three episodic memory items (13 points), one attention item (3 points), three executive functioning items (6 points), two visuospatial items (3 points), and two language items (5 points). The VCAT was designed to be weighted more heavily toward the episodic memory domain, as memory impairments, in particular, are predictive of AD conversion, making the VCAT especially useful in the early diagnosis of AD. Emphasis was also placed on the executive functions domain to better detect vascular dementia. Instructions are communicated in a language that both the test administrator and the participant are comfortable conversing in.
While the VCAT has been established to be language-neutral (Lim et al., 2018) , it has not been assessed in terms of construct validity. As such, this present study aims to: (1) assess the construct validity of the VCAT and its subdomains by measuring patterns of association between the VCAT domains and other established measures of the same cognitive domains; and (2) evaluate the diagnostic value of the test in discriminating healthy from cognitively impaired participants, and MCI from mild AD participants.
Methods

Participants
Of the 471 participants in the study sample, 233 were healthy comparisons (HCs), 117 were patients with MCI, and 121 were mild AD. HCs were recruited from the community, while MCI and mild AD participants were recruited from a specialist outpatient memory clinic, between the period of October 2013 and November 2017 (National Neuroscience Institute, Singapore).
Classifications of MCI and mild AD were based on clinical diagnosis by cognitive neurologists based on the National Institute on Aging and Alzheimer's Association (NIA-AA) criteria for MCI and NIA-AA criteria for AD (Albert et al., 2011; McKhann et al., 2011) . MCI patients were required to have a Clinical Dementia Rating (CDR) score of 0.5 and mild AD patients were required to have a CDR score of 1 (Morris, 1993) . All classifications were corroborated by comprehensive neuropsychological assessment and supported by structural magnetic resonance imaging (MRI) scans where available. Healthy older adults were recruited from the community and were required to have no cognitive complaints, and a CDR score of 0. This study was approved by the Singhealth institutional ethics review board, and informed consent was obtained from all patients prior to data collection.
Neuropsychological assessment
To assess its construct validity, the VCAT was administered alongside a battery of other neuropsychological assessments (NPA), comprised of wellestablished tests to measure each of the five cognitive domains included in the VCAT. , and Visual Memory (composite of RCFT tasks). Attention was assessed using the Color Trails Test 1 and the WAIS-IV Digit Span Forward. Executive function was measured using the Color Trails Test 2, the Frontal Assessment Battery, WAIS-IV Digit Span Backward, and the Executive Clock-Drawing Task (CLOX1). Visuospatial abilities were assessed using the WAIS-IV Block Design subtest, RCFT Copy, and the Incomplete Letters and Dot Counting tasks of the Visual Object and Space Perception Battery. Language was evaluated using the Naming subtest of the ADAS-Cog, the Boston Naming Test, a test of phonemic fluency, and a test of semantic fluency. Only a subset of participants were assessed on Visual Memory (n = 78) and visuospatial abilities (n = 102). However, given the visual-based nature of the VCAT, we felt it was pertinent to retain these tests in assessing the VCAT's construct validity. To compare the VCAT subdomains with the cognitive domains of other cognitive tests, composite z-scores of each domain were computed. Individual raw scores of the various tests were first transformed into z-scores based on local norms, which were then averaged to compute a composite domain z-score.
Statistical analysis
Statistical analysis was performed using SPSS (Version 20.0, SPSS, Inc., Chicago, IL, U.S.A.). Continuous test variables were assessed for normality using the Shapiro-Wilk test. ANOVA was used to perform between-group comparisons on normally distributed continuous data, while the KruskalWallis test was used to analyze non-normal continuous data-age, education, and all VCAT domain and VCAT individual item scores were not normally distributed. Categorical data were analyzed using χ 2 tests of independence. Multiple linear regression models were used to adjust for common confounders, such as gender, race, age, and years of education. To avoid Type 1 errors arising from multiple comparisons, the Holm-Bonferroni sequential correction was applied. To evaluate construct validity, correlation analysis was conducted to assess the strength of associations between VCAT cognitive domains and other established cognitive measures. To assess reliability, we examined the internal consistency, as measured by the Cronbach's alpha, and the inter-item correlation matrix. Receiver operating characteristic (ROC) analysis was used to determine the best VCAT cutoffs to differentiate: (1) HCs from patients with cognitive impairment (MCI+AD), and (2) MCI from mild AD. Diagnostic performance was also assessed using the area under the curve (AUC), positive (PPV) and negative predictive values (NPV), as well as positive (PLR) and negative (NLR) likelihood ratios. Optimal cutoff scores were defined as maximal sensitivity and specificity, measured by Youden's Index. Significance for all significance tests performed was set at a two-tailed probability value of 0.05.
Results
Characteristics of study sample The total sample was comprised of 471 participants. Between-group comparisons found significant gender differences between the three groups (Table 1) , with a higher proportion of males in the MCI group (60.7%), compared to the HC group (30.0%) and the mild AD group (37.2%). In terms of age, the mild AD group was significantly older (mean = 70.25, SD = 9.22) compared to HC (mean = 61.47, SD = 7.19) and MCI (mean = 63.28, SD = 9.05). Participants in the mild AD group also tended to have fewer years of formal education (mean = 8.39, SD = 5.09) compared to HC (mean = 12.36, SD = 3.76) and MCI (mean = 11.48, SD = 4.54). The three diagnostic groups performed significantly differently on total VCAT score, all its subdomains, and most of its individual items, even after controlling for race, age, and years of education and adjusting for multiple comparisons using the Holm-Bonferroni sequential correction ( Table 2 ). The VCAT items that did not produce significant between-group differences after adjustmentsweretheGears,Category,andGriditems.
Item and domain analysis
The majority of HC and MCI participants achieved perfect scores on the Scene Recall task (HC: 98.6%, MCI: 97.4%) and the Grid task (HC: 98.1%, MCI: 97.4%), indicative of a ceiling effect (Table 2 ). This suggests that these two items make smaller contributions in terms of distinguishing between HC and MCI. On the other hand, although floor effects were not observed, the Gears task did not appear to be useful in separating MCI from mild AD, as both groups performed equally well on this task (mean = 1.65). Item-domain correlations showed that all VCAT items showed a significantly higher correlation with their respective domains, compared to other domains (Table 3 ). All VCAT domains were significantly correlated to each other (p < 0.001), with interdomain Pearson correlation coefficients ranging from 0.32 to 0.57. The VCAT domains of Episodic Memory and Language produced the highest correlation (r = 0.57), while the weakest correlation was observed between the Language and Visuospatial domains (r = 0.32) and between the Visuospatial and Attention/WM domains (r = 0.35). Furthermore, each VCAT domain was more strongly correlated with the total VCAT score than with any other domain, which is suggestive of the discriminative power of the domains.
Construct validity
In the overall sample, all VCAT domains were significantly correlated to the domains created from the rest of the NPA battery. Convergent validity was demonstrated by the significant correlations between the VCAT domains and their respective NPA domains (Table 4 ). The Pearson correlation coefficients for each pair are as such: VCAT Episodic Memory and NPA Episodic Memory, r = 0.61, p < 0.001; VCAT Attention and NPA Attention, r = 0.36, p < 0.001; VCAT Executive Function and NPA Executive Function, r = 0.47, p < 0.001; VCAT Visuospatial and NPA Visuospatial, r = 0.43, p < 0.001; and VCAT Language and NPA Language, r = 0.41, p < 0.001. The VCAT Episodic Memory was most strongly associated with Visual Memory (r = 0.67, p < 0.001), followed by Visual-Auditory Memory (r = 0.55 p < 0.001) and Auditory Memory (r = 0.53, p < 0.001).
Discriminant validity was also demonstrated for the domains of Episodic Memory, Executive Function, and Visuospatial, which achieved stronger correlations with their respective NPA domains, compared to correlations with other NPA domains. The VCAT domain of Attention/WM was most strongly related to the NPA domain of Attention (r = 0.36, p < 0.001) and Executive Functioning (r = 0.38, p < 0.001), while the VCAT Language domain was most closely related to the NPA domain of Language (r = 0.41, p < 0.001) and Executive Functioning (r = 0.43, p < 0.001).
To evaluate the effects of participant characteristics on VCAT scores in the present cohort, a multiple regression analysis was conducted, regressing gender, age, race, education, and language on the total VCAT score in a single regression model to investigate the effect of each demographic variable on VCAT score, controlling for each other. This analysis demonstrated that the total VCAT score 
Reliability
The VCAT achieved good internal consistency, obtaining a strong Cronbach alpha of 0.74. Psychometricians recommend a minimum Cronbach's alpha coefficient of 0.65 to 0.8 (Tavakol and Dennick, 2011 ) and a maximum of 0.9 (Streiner, 2003) . Further analysis found that there would be no improvement in Cronbach's alpha with the exclusion of any item in the scale, except with regard to the executive function item of Category (Cronbach's alpha if item deleted = 0.74). However, as the importance of the item outweighs the marginal increase in reliability, we made the decision to retain it. The correlation of each VCAT item with each other was also explored. All 11 items were significantly correlated to each other (p < 0.05), with the exception of the Shape item and Category item pair (r = 0.08, p = 0.054). The majority of the inter-item correlations fell within the ideal range of 0.15 and 0.50 (Clark and Watson, 1995) . The Objects item had a relatively high inter-item correlation with the other memory items, Shapes (r = 0.44) and Scene (r = 0.59). Typically, a coefficient above 0.50 suggests item redundancy. However, these higher correlations were not unexpected, as narrow constructs tend to result in higher inter-item correlations. The Objects item was also highly correlated to the executive function measure Pattern (r = 0.50), and the Semantic Fluency language measure (r = 0.52). Lower inter-item correlations were observed between the Shapes and Category items (r = 0.08), the Cube and Grid items (r = 0.08), the Scene and Category item (r = 0.10), and the Scene and Picture Naming items (r = 0.08).
Diagnostic accuracy ROC analysis (Fig. 1) found that the VCAT was more effective than both the MMSE and MoCA at discriminating between MCI and mild AD participants. The VCAT achieved an AUC of 84.2% (95% CI = 79.1%-89.3%), while the MMSE and MoCA achieved an AUC of 76.5% (95% CI = 70.4%-82.7%) and 81.8% (95% CI = 76.4%-87.2%), respectively.
In terms of detecting cognitive impairment (CI) from HC, the VCAT (AUC = 85.5%, 95% CI = 81.7%-89.3%) performed similarly to the MoCA (AUC = 85.3%, 95% CI = 81.4%-89.3%) and had a higher AUC compared to the MMSE (AUC = 79.5%, 95% CI = 75.0%-84.1%).
Optimal VCAT cutoff scores
The optimal VCAT cutoff to detect CI (MCI+AD) was ≤ 24. This cutoff provided a specificity of 71.1% (95% CI: 70.9%-71.3%) and a sensitivity of 75.4% (95% CI: 75.3%-75.6%). At this cutoff, the PPV was 74.3% (95% CI: 74.1%-74.5%), NPV was 72.3% (95% CI: 72.1%-72.5%), PLR was 2.89 (95% CI: 2.87-2.92), and NLR was 0.38 (95% CI: 0.38-0.39).
To differentiate patients with mild AD from those with MCI, a cutoff of ≤ 19 was found to be optimal. This cutoff provided a sensitivity of 68.3% (95% CI: 68.1%-68.6%) and a specificity of 84.8% (95% CI: 
Discussion
The findings from this study demonstrated that the VCAT has good construct validity, by providing evidence of convergent and discriminant validity. The test items in the VCAT also demonstrated good internal consistency. ROC analysis suggests that the VCAT is at least equivalent to the MoCA and MMSE at distinguishing mild AD from MCI, and between HCs and cognitively impaired individuals. Our findings suggest the following cutoffs: Internal consistency is a measure of reliability based on the associations between individual test items and is achieved when test items proposing to measure the same construct produce similar scores. The VCAT displayed good internal consistency, achieving a Cronbach's alpha of 0.74, which is within the recommended range of 0.65 to 0.90 (Streiner, 2003; Tavakol and Dennick, 2011) . The majority of the inter-item correlations were also within the ideal range of 0.15 to 0.50 (Clark and Watson, 1995) .
Construct validity is one of the most important attributes of any test of measure, and is an evaluation of whether a test and its individual subdomains measure what they were designed to measure. Construct validity is supported: (1) when the cognitive domains measured in the developed test are strongly related to the cognitive subdomains hypothesized (convergent validity), and (2) when the items are not related, or are less strongly related, to other domains it is not theoretically expected to be related to (discriminant/divergent validity) (Cronbach and Meehl, 1955) . The VCAT, and each individual cognitive subscale, demonstrated good construct validity in terms of both convergent and divergent validity.
Convergent validity was established by the significant correlations between the VCAT subdomains and their respective cognitive domains as measured by well-established cognitive tests from their respective domains. Divergent validity was also demonstrated, as each VCAT cognitive domain was more strongly associated to their respective NPA cognitive domains, compared to others. Although most VCAT domains were also significantly associated with other NPA domains, this was expected due to the close associations inherent between the various cognitive domains. Notably, although VCAT Attention was most related to the NPA domains of Attention and Executive Functions, this was not surprising, given that the two domains have been commonly found to overlap, with many neuropsychological tests used to measure both domains interchangeably. The VCAT Language domain was most strongly associated with the cognitive domains of Language, as expected, but also Executive Function. This might suggest that the VCAT Language domain may also elicit some higher-order executive functions. This may be due to the inclusion of the Semantic Fluency task, which has been argued to be both a measure of language as well as executive function (Henry and Crawford, 2004; Whiteside et al., 2015) . Another explanation might be the general conflation of executive function across all VCAT domains, as observed by the relatively high correlation across the NPA executive function domain. This may be due to the nature of executive tasks used, which inherently employ other non-executive cognitive operations.
Given that the VCAT was designed with the intention of being a language-neutral cognitive assessment tool, we assessed the effects of participant characteristics on VCAT scores in our present cohort. In healthy elderly and mild AD participants, performance on the VCAT was not affected by language of administration, or the participants' gender, age, race, and educational attainment. However, the expected effects of age and education on cognition were observed in relation to the VCAT scores of MCI participants. Similarly, previous investigations have also established that performance on the VCAT is not significantly influenced by gender, age, or educational attainment (Kandiah et al., 2015) and unaffected by language of administration (Lim et al., 2018) .
The VCAT and each of its subdomains were able to distinguish between HCs, MCI, and mild AD. Most individual items were also able to distinguish the three groups, with exception of the Gears, Category, and Grid tasks. We observed a ceiling effect for the Category and Grid tasks, suggesting that the tasks are too simple. On the other hand, although HCs performed better on the Gears task than the cognitively impaired, MCI and mild AD participants performed similarly on this task.
ROC analysis was also conducted to compare the diagnostic capabilities of VCAT against the most widely used screening tests, the MMSE and MoCA. In terms of distinguishing between CI and HCs, and betweenMCIand mild AD,the VCAT wason parwith the MMSEandMoCA. Inbothcases, VCAT achieved a good AUC of about 85%.
ROC analysis also suggests the following cutoffs: Dementia 0-19, MCI 20-24, Normal 25-30. This is slightly different from previously suggested cutoffs , perhaps due to differences in education levels in the initial study, whereby the MCI cohort had a lower mean years of education while the AD cohort had a higher mean years of education compared to the present cohort.
Limitations of the current study include the lack of participants with more severe stages of AD and the implied homogeneity of the sample. Future work should also assess the VCAT's ability to detect various forms of dementia, such as vascular dementia, and MCI of multiple etiologies. Furthermore, as neuropsychological testing (including VCAT) was conducted in the same session, results may be influenced by learning effects. Future work should evaluate the VCAT on a separate day from the MMSE and MoCA to avoid learning effects, and to investigate the influence of learning effects on the VCAT.
Conclusion
The VCAT is a reliable and valid, cross-cultural, language-neutral cognitive screening tool, equivalent to the MMSE and MoCA in diagnostic ability. The VCAT will allow for meaningful cross-cultural comparisons across countries, without the need for translations or adaptations. This has important implications for research, in terms of international collaborations and clinical trials, as well as clinically, in populations with diverse multiethnic populations such as Southeast Asia.
